INTRODUCTION
Liver fibrosis, characterized by excessive accumulation of extracellular matrix (ECM) proteins in response to chronic liver injury of any cause, is an integral part in the progression of chronic inflammatory liver disease. [1] [2] [3] With the development of liver damage, the risk of cirrhosis and hepatocellular carcinoma (HCC) is increased. Generally, liver fibrosis is considered as a reversible disease and could be prevented from becoming advanced fibrotic process by effective treatments. During liver fibrosis, hepatic stellate cells (HSCs), which are mainly responsible for the accumulation of ECM proteins, become activated and undergo myofibroblastic transdifferentiation. 4 Therefore, suppression of activated HSCs is considered as a potential target for liver fibrosis.
Regulatory non-coding RNAs (ncRNAs), such as microRNAs (miRNAs), have been demonstrated to play a key role in a variety of cellular processes including cell proliferation and differentiation. 5 Emerging evidence has revealed that miRNAs are implicated in HSC activation and thereby regulate liver fibrosis. [6] [7] [8] [9] For example, Wang et al. reported that miR-29b prevents liver fibrosis by suppressing HSC activation and inducing cell apoptosis via targeting PI3K/ AKT pathway. 3 Our previous study found that curcumin upregulates miR-29b expression, leading to the silencing of DNA methyltransferase 3b (DNMT3b) and the loss of phosphatase and tensin homolog deleted on chromosome 10 (PTEN) methylation, which contributes to suppression of activated HSCs. 10 Other ncRNAs, such as long intergenic non-coding RNAs (lincRNAs) and the heterogeneous group of long non-coding RNAs (lncRNAs), have also been reported to be involved in human diseases. [11] [12] [13] LncRNA is most commonly defined as a non-protein-coding RNA molecule longer than 200 nucleotides. Increasing evidence has demonstrated that lncRNAs are involved in a wide range of biological processes, including differentiation, proliferation, and apoptosis. 14 We previously found that Alu-mediated p21 transcriptional regulator (APTR) contributes to HSC activation. 15 Homeobox (HOX) transcript antisense RNA (HOTAIR), as a lincRNA, is often deregulated in human neoplasia. 16, 17 Accumulating studies have indicated that HOTAIR is upregulated in cancers including HCC. [18] [19] [20] It has been reported that HOTAIR regulates gene expression via epigenetic modifications. 21 For example, Rinn et al. demonstrated that HOTAIR interacts with polycomb-repressive complex 2 (PRC2) to increase the trimethylation of histone H3 lysine-27 (H3K27), resulting in the reduction of HOXD gene expression. 21 However, the role of HOTAIR in liver fibrosis has never been studied.
RESULTS

HOTAIR Upregulation Correlates with the Progression of Liver Fibrosis
To gain insights into the possible involvement of HOTAIR in liver fibrosis, HOTAIR expression was detected in liver tissues from healthy controls, fibrotic tissues, and cirrhotic tissues. Compared with the control, HOTAIR expression was enhanced in fibrotic samples and cirrhotic samples, with the highest level in cirrhotic samples ( Figure 1A ). Next, HSCs were isolated from the livers of healthy mice and cultured for up to 8 days. With time in culture, there was a significant increase in HOTAIR level ( Figure 1B ). Hepatocytes were additionally isolated from the livers of healthy mice. Interestingly, HOTAIR was higher in primary HSCs than that of primary hepatocytes ( Figure 1C ). In vivo, compared with the control mice, HOTAIR expression was increased in carbon tetrachloride (CCl 4 ) mice (Figure 1D) . During CCl 4 treatment, there was also a significant increase in HOTAIR expression in isolated primary HSCs and primary hepatocytes, especially in HSCs, indicating that HOTAIR correlated with liver fibrosis ( Figure 1E ).
Loss of HOTAIR Ameliorates Liver Fibrosis In Vivo
To determine the functions of HOTAIR in liver fibrosis, the effects of HOTAIR knockdown on CCl 4 -induced liver fibrosis were explored. Delivery of adenoviral vectors expressing shRNA against HOTAIR (Ad-shHOTAIR) significantly inhibited HOTAIR level in vivo ( Figure 1D ). In isolated primary hepatocytes and primary HSCs from CCl 4 mice after Ad-shHOTAIR treatment, there was also a significant reduction in HOTAIR expression ( Figure 1F ). As shown in Masson staining and immunohistochemical images, loss of HOTAIR significantly attenuated accumulated collagen and a-smooth muscle actin (a-SMA) levels caused by CCl 4 (Figures 2A-2C ). Moreover, CCl 4induced hydroxyproline was inhibited by Ad-shHOTAIR ( Figure 2D ).
But Ad-shHOTAIR had no effect on ALT/AST values caused by CCl 4 (Figures 2E and 2F ). HOTAIR knockdown significantly resulted in the suppression of a-SMA and type I collagen ( Figures 2G and 2H ).
HOTAIR Downregulation Suppresses HSC Activation
Next, we examined the effects of HOTAIR knockdown on cell proliferation, cell cycle, collagen expression, and HSC transdifferentiation. In primary HSCs, it was found that HOTAIR was significantly inhibited by the HOTAIR-specific siRNA (siHOTAIR) ( Figure 3A ). Using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assays, HSC proliferation was suppressed by HOTAIR knockdown ( Figure 3B ), and the inhibitory effects of loss of HOTAIR on HSC proliferation were confirmed by 5-Ethyny-2 0 -deoxyuridine (EdU) assays ( Figure S1 ). By cell cycle analysis, loss of HOTAIR induced a proportion of cells in the G0/G1 phase and suppressed the number of cells in the S phase ( Figure 3C ). Immunofluorescence analysis indicated that HOTAIR knockdown resulted in a reduction in type I collagen and a-SMA ( Figure 3D ). As indicated by the results of quantitative (q)real-time PCR and western blot, type I collagen and a-SMA were markedly reduced in the presence of siHOTAIR ( Figures  3E and 3F ). On the contrary, HOTAIR overexpression promoted HSC proliferation, a-SMA, and alpha-1(I) collagen (Col1A1) expressions ( Figure S2 ).
PTEN Upregulation Induced by HOTAIR Knockdown Is Associated with Promoter Methylation
PTEN is often downregulated during liver fibrosis and has been reported to play a vital role in liver fibrosis. 22 Upregulation of PTEN contributes to the suppression of HSC activation and proliferation. 23 It was found that PTEN was gradually reduced in primary HSCs during culture days and inhibited by CCl 4 in vivo ( Figures 4A and 4B) . Then, the effect of HOTAIR downregulation on PTEN expression in liver fibrosis was examined. In vivo, reduced PTEN caused by CCl 4 was inhibited by HOTAIR knockdown ( Figure 4B ). Likewise, in HSCs, loss of HOTAIR promoted an increase in PTEN ( Figures  3E and 3F ). In hepatocytes, HOTAIR knockdown increased PTEN expression and decreased collagen expression ( Figure 4C ). Conversely, HOTAIR overexpression inhibited PTEN expression ( Figures S2B and S3 ). Recently, Li et al. reported that HOTAIR regulates PTEN methylation in laryngeal squamous cell carcinoma. 16 To confirm whether HOTAIR knockdown-induced PTEN is associated with its promoter methylation, we examined the methylation level at 12 CpG sites within the CpG island in the PTEN locus by bisulfite-sequencing analysis ( Figure 5A ). Compared with the control mice, there was a significant increase in PTEN methylation in CCl 4 mice ( Figure 5B ). However, PTEN hypermethylation induced by CCl 4 was almost reversed by Ad-shHOTAIR ( Figure 5B ). Similarly, HOTAIR knockdown inhibited CCl 4 -induced PTEN methylation in isolated primary HSCs and primary hepatocytes ( Figures 5C and  5D ). Furthermore, PTEN hypermethylation in day 4 was markedly inhibited by siHOTAIR ( Figure 5E ). Generally, DNMTs, including DNMT1, DNMT3a, and DNMT3b, are responsible for the regulation of the global patterns of DNA methylation. To determine whether DNMTs were involved in regulation of PTEN methylation by HOTAIR, DNMTs expressions were detected in vivo and in vitro. HOTAIR knockdown caused a reduction in DNMT3b expression in CCl 4 mice with no effect on DNMT1 and DNMT3a expressions ( Figures 5F and 5G) . Similarly, only DNMT3b was decreased by siHOTAIR in vitro ( Figures 5H and 5I ). Interestingly, loss of DNMT3b contributed to the suppression of PTEN hypermethylation induced by HOTAIR overexpression, indicating that DNMT3b is involved in PTEN methylation induced by HOTAIR ( Figure S4 ).
miR-29b Regulates PTEN Expression by Targeting DNMT3b and Is Involved in the Effects of HOTAIR on PTEN
Previously, we demonstrated that miR-29b epigenetically regulates PTEN expression via DNMT3b. 10 The miR-29 family consists of miR-29a, miR-29b, and miR-29c, which differ only in two or three bases. 24, 25 Recent studies showed that DNMTs may be a target of miR-29 family. 26, 27 Based on these, the effects of loss of HOTAIR on the miR-29 family were examined. In vivo and in vitro, HOTAIR knockdown increased miR-29b level with no effect on miR-29a and miR-29c levels ( Figures 6A and 6B ). Enhanced miR-29b expression by Ad-shHOTAIR was confirmed in isolated primary HSCs and primary hepatocytes ( Figures 6C and 6D ). By contrast, HOTAIR overexpression caused a reduction in miR-29b level ( Figure S3 ). Then, miR-29b was selected for the next experiment, and we further determined whether miR-29b could regulate DNMT3b. Using bioinformatic analysis (miRDB), DNMT3b is predicted as a potential target of miR-29b, and we generated a DNMT3b 3 0 -UTR luciferase reporter containing the miR-29b-binding sites (DNMT3b Wt) or mutated sites (DNMT3b Mu) ( Figure 6E ). miR-29b reduced DNMT3b Wt luciferase activity, whereas miR-29b did not cause obvious changes in DNMT3b Mu luciferase activity ( Figure 6F ). Also, DNMT3b expression was significantly decreased by miR-29b mimics in HSCs ( Figures 6G and 6H ). These data suggest that DNMT3b is a target of miR-29b. Notably, miR-29b led to a significant reduction in Col1A1 and a significant increase in PTEN in primary HSCs and primary hepatocytes ( Figures S5A and S5B ). Interestingly, PTEN is also predicted as a direct target of miR-29b ( Figure S5C ). However, our results showed that compared with the control, miR-29b caused no significant changes in PTEN-Wt-1 luciferase activity as well as PTEN-Wt-2 luciferase activity ( Figure S5D ). Combined with these, our results suggest that miR-29b can't directly regulate PTEN and may regulate PTEN via DNMT3b. Next, miR-29b expression was also examined in primary HSCs and primary hepatocytes. It www.moleculartherapy.org was found that miR-29b was gradually reduced in primary HSCs during culture days ( Figure S6A ). Moreover, miR-29b was lower in primary HSCs than that of primary hepatocytes ( Figure S6B) . Combined with the data of HOTAIR in primary HSCs and primary hepatocytes, there may be a negative relation between HOTAIR and miR-29b in liver fibrosis. Further studies showed that the effects of miR-29b on DNMT3b, Col1A1, and PTEN were enhanced by the loss of HOTAIR ( Figures 6G, 6H, S5A, and S5B ). Taken together, our data indicate that miR-29b may be involved in the effects of HOTAIR on PTEN.
HOTAIR Is a Target of miR-29b and Contributes to the Activation of the ERK and AKT Pathways
There was a strong negative correlation between HOTAIR level and miR-29b expression in liver tissues samples from CCl 4 mice (r = À0.683, p = 0.029) ( Figure 7A ). There might be a relation between HOTAIR and miR-29b, and this hypothesis was confirmed by luciferase reporter assays. HOTAIR contains one target site for miR-29b using bioinformatic analysis (RNA22) ( Figure 7B ). Using pmirGLO construct, we generated a HOTAIR luciferase reporter containing the miR-29-binding sites (pmirGLO-HOTAIR-Wt) or mutated sites (pmirGLO-HOTAIR-Mu) ( Figure 7B ). miR-29b mimics induced a reduction in luciferase activity of pmirGLO-HOTAIR ( Figure 7C ). By contrast, miR-29b inhibitor caused an increase in pmirGLO-HOTAIR luciferase activity ( Figure S7A ). But both miR-29b mimics and inhibitor had no effect on pmirGLO-HOTAIR-Mu luciferase activity ( Figures 7C and S7A) . The results indicate that HOTAIR is a target of miR-29b. Consistent with this result, HOTAIR was reduced by miR-29b mimics and enhanced by miR-29b inhibitor ( Figure 7D) . Notably, HOTAIR-Wt overexpression reduced miR-29b expression, whereas HOTAIR-Mu overexpression with the mutation of the miR-29b binding site did not suppress miR-29b expression, indicating that lack of the miR-29b binding site in HOTAIR prevents the suppression of miR-29b expression (Figure S7B) . Next, the role of miR-29b in the effect of HOTAIR on PTEN expression was further examined. It was found that PTEN induced by siHOTAIR was almost inhibited by miR-29b inhibitor ( Figures 7E and 7F) . Moreover, the reduced expressions of p-AKT and p-ERK caused by HOTAIR knockdown were restored by miR-29b inhibitor ( Figure 7F ). These data suggest that HOTAIR modulates PTEN level and contributes to the activation of the ERK and AKT pathways via miR-29b.
DISCUSSION
Recently, lncRNAs have been reported to be involved in liver diseases including liver fibrosis and HCC. 11, 12, 28 For example, lncRNA maternally expressed gene 3 (MEG3) has been found to inhibit liver fibrosis via p53. 11 In this study, HOTAIR was found to be upregulated in HSCs in vivo and in vitro during liver fibrosis. HOTAIR knockdown resulted in the suppression of HSC activation including a-SMA and type I collagen in vivo and in vitro. In addition, HOTAIR knockdown led to the inhibition of HSC proliferation and cell cycle. Notably, loss of HOTAIR contributed to suppress liver fibrosis via restoration of miR-29b and inhibition of DNMT3b, with a reduction in PTEN methylation and an increase in PTEN level. Owing to the restoration of PTEN, HSC activation including cell proliferation, collagen, and a-SMA expression was inhibited. Meanwhile, HOTAIR overexpression exhibited the opposite effects. Further studies demonstrated that miR-29b could directly target DNMT3b and HOTAIR. These data revealed that HOTAIR contributed to HSC activation, at least in part, through suppressing miR-29b-mediated PTEN.
Activation of HSCs to myofibroblast-like cells plays a vital role in the initiation and progression of hepatic fibrosis. 29 However, the numbers of HSCs in liver are far less than that of hepatocytes, which are the main cells in the liver. Herein, HOTAIR could be detected in hepatocytes and was upregulated during CCl 4 treatment. Although Ad-shHOTAIR was designed to target HSC, HOTAIR was reduced in isolated primary hepatocytes from CCl 4 mice after Ad-shHOTAIR treatment. Therefore, delivery of Ad-shHOTAIR into mice is targeted toward not only HSCs, but also hepatocytes. Both hepatocytes and HSCs were affected by Ad-shHOTAIR. It may be the reason why Ad-shHOTAIR resulted in a significant increase in PTEN in CCl 4 mice. In HSCs, inhibition of HOTAIR increased PTEN level and reduced collagen expression. Moreover, Ad-shHOTAIR contributed to the increase in miR-29b and the reduction in PTEN methylation in isolated HSCs from CCl 4 mice. The similar effects were observed in primary hepatocytes. All these data suggest that HOTAIR also plays a vital role in hepatocytes during liver fibrosis. However, the effects of siHOTAIR on other cells such as Kupffer were not studied and further studies are warranted to prove it.
The roles of lncRNAs in human disease are correlated with their effects on impacting different cellular processes via diverse molecular mechanisms. 14, 30 For example, biological processes such as proliferation and apoptosis can be regulated by lncRNAs through chromatin modification, transcriptional regulation, and post-transcriptional regulation. 14 Interestingly, lncRNAs can act as competing endogenous RNAs (ceRNAs) to sponge miRNAs, consequently modulating the derepression of miRNA targets. 31 For instance, Xia et al. 32 found that lncRNA fer-1-like family member 4 (FER1L4) acts as a ceRNA to regulate the expression of PTEN by taking up miR-106a-5p in gastric cancer. As confirmed by situ hybridization assay, HOTAIR was distributed in both nucleus and cytoplasm 33 , and has been reported to be able to bind miRNAs in cancers. 31, 34 In this study, it was found that loss of DNMT3b inhibited HOTAIR-induced PTEN methylation. In addition, lack of the miR-29b binding site in HOTAIR prevented the suppression of miR-29b expression. Our data demonstrated that HOTAIR-mediated PTEN promoter methylation was through sponging miR-29b and indirectly enhanced DNMT3b. Loss of HOTAIR caused an increase in miR-29b, whereas HOTAIR overexpression reduced miR-29b expression. Moreover, overexpression of miR-29b increased PTEN level, which was further enhanced by siHOTAIR. Conversely, miR-29b inhibitor suppressed HOTAIR knockdown-induced PTEN. These data confirm the existence of the HOTAIR/miR-29b/PTEN signaling network. Meanwhile, collagen expression was inhibited by miR-29b, and this inhibition was further enhanced by siHOTAIR, indicating that collagen level was regulated by the HOTAIR/miR-29b/PTEN axis. It is known that loss of PTEN gene expression causes aberrant activation of the PI3K/AKT and ERK pathways and consequently leads to cancer cell proliferation and ultimately stimulates tumorigenesis. 35 HOTAIR knockdown induced a reduction in p-AKT and p-ERK levels, which was reversed by miR-29b inhibitor. All these data suggest that HOTAIR can bind miR-29b and subsequently upregulate DNMT3b, leading to PTEN methylation and activation of ERK and AKT pathways.
Recent studies have shown that ceRNAs should have a certain number of miRNA target-sites to act as a miRNA sponge. 36 In our study, HOTAIR had only one target-site for miR-29b. Of note, increased HOTAIR level was found in liver fibrosis. Due to the high level of HOTAIR, we considered that the total number of miRNA targetsites provided by HOTAIR may be enough for sponging miR-29b. It may be the reason why HOTAIR could act as a miRNA sponge for miR-29b. Therefore, ceRNAs, containing one site for targeted miRNA, can act as a miRNA sponge, which is consistent with the previous studies. 37, 38 In conclusion, we demonstrate that HOTAIR downregulates miR-29b and attenuates its control on DNMT3b, leading to restoration of DNMT3b and enhancement of PTEN methylation, which contributes to liver fibrosis. Our results provide a new insight of the HOTAIRmediated PTEN epigenetic mechanisms in the progression of liver fibrosis and confirm HOTAIR/miR-29b/PTEN as a new signaling network in liver fibrosis ( Figure 7G ).
MATERIALS AND METHODS
Materials
CCl 4 was obtained from Sigma. Antibodies against DNMT3a, DNMT3b, type I collagen, and a-SMA were obtained from Abcam. Antibodies against PTEN, DNMT1, and GAPDH were purchased from Santa Cruz Biotechnology. Antibodies targeting AKT, phosphorylated AKT (S473), ERK, and phosphorylated ERK (T202/ Y204) were purchased from Cell Signaling. Chemically synthesized RNAs, including negative control (miR-NC), miR-29b mimics, and miR-29b inhibitor, were obtained from GenePharma Biotechnology. For transfection, the cells were transfected with 1 mg of the chemically synthesized RNA. Moreover, siDNMT3b, siHOTAIR, the scrambled siRNA (siCtrl), Ad-shHOTAIR, adenoviral vectors expressing the scrambled shRNA (Ad-shCtrl), adenoviral vectors expressing HOTAIR (Ad-HOTAIR), and adenoviral vectors expressing a control scrambled sequence (Ad-Ctrl) were purchased from GenePharma Biotechnology.
Human Specimens
Written informed consent was received from all patients prior to liver tissues. In this study, 15 healthy controls, 15 chronic hepatitis B (CHB) patients, and 15 liver cirrhosis patients undergoing partial liver resection or liver biopsy were selected from the First Affiliated Hospital of Wenzhou Medical University. For CHB patients, liver fibrosis was diagnosed by liver biopsy. Liver cirrhosis was diagnosed by liver biopsy and/or a typical appearance of the liver on abdominal ultrasound and/or computed tomography scan. This study was performed in compliance with the Declaration of Helsinki and approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University.
Isolation and Culture of Primary HSCs and Hepatocytes
Primary HSCs were isolated as described previously. 39 The isolated cells were seeded in tissue culture plates and cultured in DMEM (Gibco) with 10% fetal bovine serum, 100 U/mL penicillin, and 100 mg/mL streptomycin. The purity of cultures was confirmed by immunocytochemical staining for a-SMA and the purity reached >98%. Hepatocytes were isolated using a two-step collagenase perfusion technique. 40 Then, gene expression levels including F4/80, CD32b, and CYP3A11 were measured by quantitative realtime PCR. Hepatocyte purity was found to be greater than 95%.
CCl 4 Liver Injury Model
CCl 4 (diluted 1:9 in olive oil) or vehicle (olive oil) was administered by intraperitoneal injection at a dose of 7 mL/kg of body weight two times weekly for 6 weeks to induce liver fibrosis. During CCl 4 treatment, Ad-shHOTAIR (1 Â 10 9 pfu/100 mL) or Ad-HOTAIR (1 Â 10 9 pfu/100 mL) was injected into mice every 2 weeks by way of the tail vein for 6 weeks. There were 60 mice that were randomly divided into six groups including olive oil, CCl 4 , CCl 4 plus Ad-shCtrl, CCl 4 plus Ad-shHOTAIR, CCl 4 plus Ad-Ctrl, and CCl 4 plus Ad-HOTAIR. For targeting HSCs, the a-SMA promoter was amplified from the pSMP8 plasmid and the PCR product cloned into the pTOPO plasmid (Invitrogen) as described previously. 41 Then, the a-SMA promoter was excised from the pTOPO plasmid using EcoRI and cloned into the EcoRI site in pDNR plasmid (BD Bioscience) upstream of the shHOTAIR insert. Sequencing confirmed orientation and integrity of the insert. The recombinant adenovirus was generated using the BD Adeno-x Expression System Promoterless Vector (BD Bioscience) according to the manufacturers' protocol. All animals were provided by the Experimental Animal Center of Wenzhou Medical University. The animal experimental protocol was approved by the University Animal Care and Use Committee. Mice were sacrificed under anesthesia at the end of 6 weeks and the livers were removed for further analysis. The liver tissues were used for Masson staining by fixation with 10% formalin.
Immunohistochemistry
Immunohistochemical staining was performed on the sections (3 mm thick) from the liver tissues, as described previously. 7, 42 Briefly, after deparaffinization, hydration, and antigen retrieval, samples were incubated overnight at 4 C with a primary antibody against a-SMA (1:100) and then with a biotinylated secondary antibody. a-SMA expression was visualized by 3,3 0 -diaminobenzidine tetrahydrochloride (DAB) staining. Slides were counterstained with hematoxylin before dehydration and mounting a-SMA-positive areas within the fibrotic region were then observed. Quantitative analysis was calculated from five fields for each liver slice.
Immunofluorescence Microscopy
Primary HSCs were plated on 18-mm cover glasses in DMEM and incubated for 24 hr. Then, cells were transfected with siHOTAIR for 48 hr, washed with PBS, and fixed in an acetic acid: ethanol (1:3) solution for 5 min at À20 C. Non-specific binding was blocked with 5% goat serum in PBS for 1 hr at room temperature, and the cells were then incubated with primary antibodies against a-SMA or type I collagen (Abcam) in a humidified chamber. After washing twice in PBS, the cells were incubated with fluorescein-labeled secondary antibody (1:50 dilution; Dianova) in antibody dilution solution for 1 hr at room temperature in the dark. The nuclei were stained with DAPI in the dark for 30 min at room temperature. The slides were washed twice with PBS, covered with DABCO (Sigma-Aldrich), and examined by confocal laser scanning microscopy (Olympus) at 568 nm.
Hepatic Hydroxyproline Content
Liver tissues (50 mg) were homogenized in HCl and hydrolyzed at 120 C overnight. After lysate centrifugation at 12,000 g for 10 min at 4 C, the supernatant was evaporated to dryness under vacuum. The hepatic hydroxyproline content was assessed using the Hydroxyproline Colorimetric Assay Kit (BioVision). Data were normalized to liver weight.
Quantitative Real-Time PCR
Total RNA was extracted from primary mouse cells using the miRNeasy Mini Kit (QIAGEN). Also, 50 nanograms of total RNA was reverse-transcribed to cDNA using the ReverTra Ace qPCR RT Kit (Toyobo) in accordance with the manufacturer's instructions. Gene expression (Table S1 ) was measured by quantitative real-time PCR using SYBR Green Real-Time PCR Master Mix (Toyobo). The primers of Col1A1, a-SMA, and GAPDH were designed as described previously. 25, 43 To detect miR-29a, miR-29b, and miR-29c expressions, reverse transcription reactions were performed using the TaqMan MicroRNA Assay (Applied Biosystems) according to the manufacturer's instructions. The GAPDH (Applied Biosystems) level was used to normalize the relative abundance of HOTAIR and mRNAs. U6 snRNA (Applied Biosystems) was used to normalize the relative abundance of miRNAs. The expression levels (2 ÀDDCt ) of HOTAIR, mRNAs, and miR-29 were calculated as described previously. 44 
Western Blot Analysis
Tissues and cells were lysed with ice-cold lysis buffer (50 mM Tris-HCl, pH 7.4, 100 mM 2-Mercaptoethanol, 2% w/v SDS, and 10% glycerol). Total proteins were quantified and separated by SDS-PAGE. Then western blot assay was performed as described previously. 45 The levels of protein were normalized to total GAPDH.
Methylation Analysis
PTEN CpG island was searched in UCSC Genome Browser. About 0.5 mg genomic DNA was treated with sodium bisulfite and subjected to PCR. The PTEN primers for PCR were 5 0 -AC CCACTTTGTCCAACCAGG-3 0 and 5 0 -GAACGGCTTTCATTCCC TGC-3 0 . The bisulfite-sequencing analysis was carried out as described previously. 46 
Proliferation Assay
Cell proliferation was determined by the MTT assay according to the instructions of a MTT Cell Proliferation Assay Kit (Beyotime Biotechnology). Briefly, the cells were seeded at a density of 1 Â 10 3 cells per well in 96-well culture plates and transfected with siHOTAIR, Ad-HOTAIR, or negative control. Cell lysates were prepared after their respective treatment. The cells were incubated with 0.5% MTT for 4 hr. Upon removal of the supernatant, 150 mL DMSO was added and shaken for 5 min until the crystals were dissolved. The optical density (OD) was determined with a microplate reader (Bio-Rad 550) at 570 nm wavelength. Moreover, cell proliferation was assessed by EdU assays. Using Lipofectamine RNAiMAX, cells were transfected with siHOTAIR or siCtrl and then labeled with EdU for 12 hr. The proliferative rate was detected using a Cell-Light EdU In Vitro Imaging Detection Kit (Guangzhou RiboBio, cat# C10310-1) according to the manufacturer's instructions.
Cell Cycle Analysis
For cell cycle analysis, we used a Cell Cycle Analysis Kit (Beyotime). Cells were fixed in 70% ethanol in PBS at À20 C for 24 hr and then labeled with 0.5 mL propidium iodide (PI) staining buffer containing 200 mg/mL RNase A and 50 mg/mL PI at 37 C for 40 min in the dark. Analyses were performed on a BD LSR flow cytometer (BD Biosciences) and experiments repeated at least three times.
Luciferase Activity Assay
Oligonucleotides containing target sequences of the HOTAIR and DNMT3b 3 0 -UTR were amplified and cloned into pmirGLO plasmids (Promega). HOTAIR for miR-29b forward, 5 0 -AGGTCCCCAACA TCGGTAGA-3 0 and reverse, 5 0 -GTTCCTTCCATCTGGACCCG-3 0 . DNMT3b 3 0 -UTR for miR-29b forward, 5 0 -GC TCAGACCTGGC TGCTTAG-3 0 and reverse, 5 0 -CTCCAGCAAATGTGGAGCAC-3 0 . These plasmids were named as pmirGLO-HOTAIR and pmirGLO-DNMT3b, respectively. Empty plasmid pmirGLO was regarded as a negative control. Luciferase reporter plasmids plus miR-29b mimics or miR-NC were co-transfected into HEK293T using Lipofectamine 2000 (Invitrogen). At 48 hr after transfection, relative luciferase activity was examined in a luminometer using a Dual-Luciferase Reporter Assay System (Promega). 
